Introduction
The 1,4-dioxane is a cyclic ether and a problematic water pollutant that has major impacts on the human health and the environment. It is used widely in industry as a solvent for many organic and inorganic compounds. It is also produced as byproducts in many industrial processes such as ethylene glycol, ethylene oxide, and polyethylene terephthalate manufacturing. Moreover, 1,4-dioxane is a known carcinogen to animals and a suspected carcinogen to human, and hence, is classified as a hazardous compound and a priority pollutant [1] . If it is not removed from industrial wastewater effluent, 1,4-dioxane appears as a xenobiotic constituent of groundwater and drinking water [2] .
Conventional water and wastewater treatment processes [3] may include chemical treatment, air stripping, carbon adsorption, and biological treatment; however these treatment processes are generally ineffective for eliminating 1,4-dioxane because of its high aqueous solubility and resistance to biodegradation. There is currently very little data on the removal of 1,4-dioxane by conventional biological wastewater treatment plants. However, the available information on biodegradation, sorption and air stripping suggest that removal efficiencies for 1,4-dioxane are very low by these methods. The advanced oxidation processes (AOP), which use the hydroxyl radical as the oxidant, can achieve substantial reductions in 1,4-dioxane. Choi et al. [4] used boron-doped diamond electrodes for the anodic oxidation of 1,4-dioxane, in their study the removal of 1,4-dioxane was monitored by chemical oxygen demand (COD), they reported that the anodic oxidation of 1,4-dioxane by boron-doped diamond electrodes were both an economical and an efficient process. Yanagida et al. [5] , prepared stainless mesh with TiO 2 coating using electrophoretic deposition (EPD), and used this stainless coated mesh as electrode to examine the synergy effect on photocatalysis of both 1,4-dioxane and ethylene glycol diformate (EGDF), a main intermediate of the photocatalysis of 1,4-dioxane. They reported that the photocatalytic decomposition rate of 1,4-dioxane depends on applying voltage and that the voltage swing provides high-efficiency photocatalysis of 1,4-dioxane while suppressed the EGDF formation.
Maurino et al. [6] found that sodium persulfate combined with UV light was more effective in degrading 1,4-dioxane than UV light with H 2 O 2 . The effect of pH on TiO 2 photocatalysis reactor systems used to degrade the 1,4-dioxane were investigated by Vescovi et al. [7] , their experimental results indicate that at neutral pH the degradation of 1,4-dioxane was found to be most effective. Kinetic study on the degradation of 1,4-dioxane by zero-valent iron (Fe 0 )/UV light system was studied by Son et al. [8] ; they determined that the increase supply of HO  radicals induced by the photolysis of Fe 0 and H 2 O was responsible for the greatly increase of the degradation rate of 1,4-dioxane. Coleman et al. [9] studied the photocatalytic degradation of 1,4-dioxane using TiO 2 and the H 2 O 2 /UV process. For the photocatalytic process, this group used magnetic photocatalyst as TiO 2 particles (P25) as well as suspended and fixed arrangement. They concluded that mineralization of 1,4-dioxane, by the photocatalysis (with TiO 2 and magnetic photocatalyst) was complete.
Some byproducts reported from 1,4-dioxane degradation are: ethylene glycol diformate, methoxyacetic acid, formic acid, glycolic acid and formaldehyde [10, 11] and acetic and oxalic acids [11] .
An advanced oxidation process for water treatment that combines ozonation with electrolysis (ozone-electrolysis) was reported by Kishimoto et al. [12] . They reported some advantages of this process; as some reagents such as H 2 O 2 or ferrous salts are unnecessary, less influence from chromaticity and the electric power was only required for operation.
The reactions of persulfate ions (also known as peroxydisulfate and peroxodisulfate ion) with various chemicals compounds have been extensively studied since many decades ago [13, 14] . In order to increase the rate of oxidation significantly, persulfate ion oxidation is generally conducted under heat, photo or metal-catalyzed conditions. Highly reactive species such as sulfate radicals (SO 4 - ) and hydroxyl radicals (HO  ) are generated as a result of photolysis or heat decomposition of persulfate ions in aqueous phases [15] .
The silver ion catalyzes the reaction of organic compound oxidation by S 2 O 8 2-; according to Bacon et al. [16] , the reactions of silver catalysis may be represented as the following;
Ag 2+ and Ag 3+ ions can degrade organic compound like 1,4-dioxane. In this study sodium persulfate (Na 2 S 2 O 8 ) with addition of Ag + ions is evaluated as a potential oxidant alternative for the treatment of wastewater contaminated with 1,4-dioxane, according to references, this process has all the characteristics to achieve our purpose. Factors that influence the 1,4-dioxane degradation by S 2 O 8 2-/Ag + were studied, experiments at different pH were carried out with H 2 SO 4 in order to minimize interferences due to different ions during the reaction. Kinetics parameters including rate constant, activation energy (E a ) and parameters of transition state such as enthalpy (∆H ≠ ), energy (∆G ≠ ) and entropy (∆S ≠ ) were calculated.
Results and discussion
The rate law for the degradation of 1,4-dioxane by persulfate ion is expressed as equation (4):
where The reaction rate of degradation of 1,4-dioxane against time at various initial concentrations of the oxidant (S 2 O 8 2-) with and without addition of Ag + ions are shown in Figure 1 . The experimental results clearly indicate that 1,4-dioxane was degraded more rapidly at higher S 2 O 8 2-concentration both with and without addition of Ag + in the test solution. However, degradation of 1,4-dioxane was observed to be faster in presence of Ag + ions, this may due to the fact that silver might catalyze persulfate ion oxidation of organic compound by Ag 2+ and Ag 3+ ions generated via reactions 1-3 shown above. The CO 2 generated from degradation of 1,4-dioxane was determined qualitatively by bubbling the gas outlet into a 1.0 M Ba(OH) 2 solution, where BaCO 3 was precipitated from the reaction of CO 2 and Ba(OH) 2 .
As shown in Table 1 , the values of rate constant for degradation of 1,4-dioxane adding Ag + are considerably higher than that of the correspondent rate constants for the degradation by S 2 O 8 2-without addition of Ag + . This clearly demonstrated that the addition of Ag + in the reaction solution catalyzed the degradation of 1,4-dioxane.
In addition, plotting k 1 against initial Na 2 S 2 O 8 concentration yield a slopes of 2 × 10 -6 for degradation of 1,4-dioxane by S 2 O 8 2-without Ag + , and of 2 × 10 -5 with Ag + (Figure 2 ), this reveals that degradation rate of 1,4-dioxane was directly The Figure 3 shows the degradation of 1,4-dioxane versus time at five different Ag + concentrations of 0.00, 0.23, 0.46, 0.70 and 0.93 mM. The 1,4-dioxane degradation rate was observed to be increased as the concentration of Ag + was increased from 0.00 to 0.46 mM and there were no change for the Ag + concentration from 0.46 to 0.70 mM. For concentration of Ag + higher than 0.70 mM, the degradation rate was decreased. This decreasing in degradation rate at concentration of Ag + greater than 0.70 mM can be due to the fact that after few minutes the test solution became obscure; this can be attributed to the CO 2 generation in aqueous medium and subsequent Ag 2 CO 3(s) production, which is poorly soluble in aqueous media, as shown in reactions (5) to (7) according to [17] .
CO 3 2-+ 2Ag +  Ag 2 CO 3 (7) Figure 4 , the degradation of 1,4-dioxane was observed to be faster as the H 2 SO 4 concentration was increased or as pH of the solution was lowered; this result was expected because decomposition of persulfate ion and generation of radicals occurred in neutral and alkaline aqueous solutions as reported by Singh and Venkatakao [18] . It was also in agreement with the findings, reported by Xu et al. [19] and Huang et al. [20] The rate of degradation of 1,4-dioxane by S 2 O 8 2-with Ag + was observed to be significantly influenced by the temperature of the test solution ( Figure 6) ; at higher temperature, the 1,4-dioxane was faster degraded. As shown in Table 1 , the pseudo-first-order rate constant at 50 o C (46.05 × 10 -4 s -1 ) for 1,4-dioxane degradation by persulfate ions with Ag + is higher than that of by H 2 O 2 /UV oxidation process (20.00 × 10 -4 s -1 ) and comparable with the degradation by TiO 2 /UV oxidation at pH 5.5 (48.3 × 10 -4 s -1 ), but slightly smaller than the degradation with S 2 O 8 2-/UV (73.00 × 10 -4 s -1 ) [6] . Figure 6 shows the plot of ln (k 1 ) versus 1/T which was used to estimate the activation energy of the degradation of 1,4-dioxane by S 2 O 8 2-with Ag + . The activation energy was determined by the Arrhenius equation:
Where "A" is the frequency factor, E a is the activation energy, R is the universal gas constant and T is the absolute temperature. From Figure 6 , the plot of ln (k) vs 1/T yielded a slope of -5764. 8 and an activation energy E a = 11.45 kcal/mol for the degradation of 1,4-dioxane by persulfate ions with Ag + ions, which is smaller than 21.0 kcal/mol, E a value reported for the degradation of 1,4-dioxane by persulfate ions [21] . This smaller E a value suggests a faster degradation reaction. 1,4-Dioxane Degradation Using Persulfate Ion and Ag(I) Ion
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The thermodynamics parameters such as enthalpy (∆H ≠ ), energy (∆G ≠ ) and entropy (∆S ≠ ) were computed with the following equations [22] :
Where T is the ambient temperature, k 1 is the rate constant at ambient temperature, k is the Boltzmann constant ( 
Conclusion
The degradation of 1,4-dioxane by persulfate and Ag + ions was investigated. The 1-4-dioxane degradation was found to be of pseudo-first order respect to 1,4-dioxane concentration.
The presence of Ag + ions increased the rate of 1,4-dioxane degradation reaction by persulfate. The experiments were carried out in a reaction chamber (500 mL) surrounded by a glass-jacket filled with recirculation water for controlling the temperature of the solution during the reaction, also the reaction chamber was equipped with a stop-cork through which a thermometer, gas outlet and tube for withdrawing sample from test solution were installed. The gas outlet tube from the reaction chamber was bubbled into a 1.0 M Ba(OH) 2 [23] . Acetonitrile-water (50% v/v) was used as the eluent at 1 mL/min through a C18 reversed-phase column (Altech, 10 cm), each sample injection was set at 10 µL.
Experiments were performed to study the effect of several parameters on the degradation of 1,4-dioxane; the parameters studied were concentration of oxidant (Na 2 
